Abstract We analysed the results of 24 cases of aggressive benign and malignant tumours of the distal radius treated by resection and prosthetic replacement between 1995 and 2006. Patient ages ranged from 18 to 74 years, averaging 33 years; 18 were males. Recurrent giant cell tumour was the most common tumour. The prosthesis used was a bipolar hinge custom mega prosthesis manufactured locally. Average follow-up was 78 months. The average Musculoskeletal Tumor Society (MSTS) functional score achieved was 75%. The ten-year prosthesis survival was rate 87.5%. Infection was the most common complication.
Introduction
The distal radius is a relatively common skeletal site for primary bone tumours and is the third most common location for giant cell tumour [7] . En bloc resection of the distal radius is indicated for malignant lesions and aggressive benign lesions [3] . This poses a dual problem of skeletal reconstruction and functional restoration because of the high functional demands of the hand, the youth and long life expectancy of the patients especially in benign tumours, the limited surrounding soft tissue and the proximity of the adjacent nerves and tendons. The various procedures described include arthrodesis using bulk autograft [14] , ulnar translocation [20] , reconstruction with non-vascularised or vascularised fibular grafts [13, 19] , osteoarticular allograft [11] , and prosthetic replacement [6] . Despite extensive experience with prosthetic replacement of juxta-articular tumours of the lower limb, there are few reports of prosthetic replacement of the distal radius along with any long-term outcome [9] . We present here our experience over a decade with endoprosthethic replacement for distal radial tumours.
Materials and methods
Twenty-four patients with distal radial tumours who underwent wide resection and replacement by custom mega prosthetic arthroplasty during the period 1995 to 2006 were analysed in this study. There were 18 males and six females with a mean age of 33 years (range 18-74 years). The indication for wide resection and reconstruction was a benign tumour that extended through the cortex or articular surface of the distal radius, a recurrent benign lesion that was invasive or a malignant lesion. Nine patients had primary giant cell tumours, seven had giant cell tumours that were recurrent after a primary curettage and eight had osteosarcoma. All patients who had a primary lesion had a needle or incisional biopsy for diagnosis before the reconstruction. Staging evaluation consisted of plain radiographs, CT scan, MRI and bone scans when appropriate. According to the MSTS system [4] of staging, eleven patients had stage 3 GCT and five were in stage 2. Among patients with osteosarcoma, five patients were in stage IIA and three in stage IIB and all of them received pre-op chemotherapy.
The prosthesis
A bipolar hinge custom prosthesis of the distal radius with wrist joint manufactured in Chennai, India, was used in all cases. The design has been modified and upgraded over the years. The basic components include a carpal stabiliser, a bipolar hinge component and a distal radial shaft component ( Fig. 1 ). The double hinge mechanism enables movements at the anteroposterior and mediolateral planes. The proximal end is fixed with screws or polymethylmethacrylate (PMMA) cement and the distal end is secured to carpal bones by screws. The components are made of surgical grade stainless steel (316 L) with ultra high molecular weight polyethylene inserts.
Surgical technique
Under general anaesthesia, through a standard dorsal longitudinal incision overlying the radius and including the previous biopsy site, en bloc resection of the tumour was performed. A wide margin of resection was achieved in 16 patients, while a marginal margin was accepted in eight patients. Tumours which extended into radioulnar or radiocarpal joints required resection of the distal ulna or the proximal carpal row. A custom made distal radius with wrist joint prosthesis with appropriate dimensions obtained from the preoperative radiographs was used for reconstruction in all patients. The proximal stem was fixed with PMMA cement to the radial shaft and distally screws were used to fix the prosthesis to the carpal bones. The limb was immobilised in an above-the-elbow cast for four weeks following which mobilisation was started.
Results
Patients were evaluated every three months during the first year and every six months thereafter with a physical examination and plain radiography. The minimum followup was 24 months and maximum follow-up was 156 months, averaging 78 months. On analysing the oncological outcome, all patients were alive with no evidence of recurrence of the disease at the latest followup. The Kaplan Meier estimator [10] was used to calculate the ten-year prosthesis survival rate which was 87.5%. The preoperative and six-year follow-up radiographs of a patient are given in Figs. 2 and 3a,b .
Functional results reveal that the average range of movement at the operated wrist were: active extension 20°( range 10-50°), flexion 25°(range 5-40°), radial deviation 10°(range 5-15°), ulnar deviation 15°(range 5-20°), pronation 60°(range 25-85°), and supination 40°(range 5-80°). Movement and sensation of the fingers and thumb were satisfactory in all patients. The modified rating system of the Musculoskeletal Tumour Society [5] was used to determine the functional outcome which was 74%. The functional photographs of a patient at six-year follow-up are shown in Fig. 4a,b .
Complications, both major and minor in nature, occurred in four patients. Among early complications, skin flap necrosis occurred in two patients. An additional plastic surgical procedure failed in both of them requiring removal of the prosthesis and wrist arthrodesis with bone grafts. Wound infection occurred in two patients. One of them responded to wound lavage and antibiotics while the other required removal of the prosthesis and wrist arthrodesis. Aseptic loosening was observed as a late complication in two patients. Both of these patients were asymptomatic and were satisfied with their function despite radiological evidence of loosening.
Discussion
Reconstruction of defects that remain after excision of the neoplastic lesion of the distal radius remains a challenge in orthopaedic oncology. Achieving adequate clearance of the tumour without the risk of local recurrence while preserving good hand function proves to be a daunting task, due to the unique anatomical constraints such as proximity to complex joints, limited soft tissue cover and the close relationship to important vessels, nerves and tendons. When the architecture of the distal radius is preserved, extended curettage is the procedure of choice for primary benign lesions [7, 15] . However, when the lesion is malignant or locally aggressive with extra capsular or extra compartmental soft tissue extension, excision permits a lower rate of recurrence [8, 12, 15, 18] , especially in the distal radius [1] . Local recurrence needs to be dealt more radically [22] .
Radiocarpal arthrodesis using bone grafts gives good stability at the cost of mobility but was associated with fairly high rates of fracture of the graft and donor site morbidity [14, 21] . Translocation of ulna with carpoulnar arthrodesis gives restricted mobility with poor hand function [2] .
Osteoarticular allograft reconstruction has the advantages of no donor site morbidity, shorter operating time and greater congruency of the radiocarpal joint. Complications include nonunion, fractures, slow incorporation of the allograft and possibility of transmitting infectious diseases [11, 17] . Furthermore, allografts are not easily procurable in most countries.
Replacement using non vascularised and free vascularised fibular grafts with and without arthrodesis has been the method of choice for reconstruction of distal radius. It gives limited range of motion of the wrist, due to improper articulation, which leads to progressive and accelerated degenerative changes of the carpo-fibular joint [13] . Complications include nonunion, delayed union, fracture of the graft, subluxation of the wrist joint and donor site morbidity [16] .
Initial attempts to replace distal radius by prosthesis have failed, necessitating arthrodesis or amputation. This was largely because these prostheses were primitive, did not include the built-in joint for wrist mobility, and did not attempt to stabilise or reconstruct the radiocarpal articulation [6, 9] . By using a distal radius prosthesis with bipolar wrist joint we were able to achieve a good functional outcome, comparable to those of fibular grafting [13, 16] without its inherent complications. Long-term follow-up of our patients shows satisfactory function with no pain or clinical signs of loosening, which suggests that this method may be an acceptable alternative for functional joint reconstruction in adults.
Conclusion
Custom prosthetic replacement for malignant and aggressive benign tumours of the distal radius has been proven to produce a good functional outcome with an acceptable rate of complications. However, careful patient selection, a precise preoperative work-up, and a meticulous surgical technique are essential to achieve the desired outcome.
